To assess the hydration status and level of hydration knowledge of youths at summer sports camps. Methods: Sixty-seven active youths, 57 males (mean ± SD, 12 ± 2 y, 136 ± 16 cm, 50.6 ± 21.1 kg) and 10 females (13 ± 2 y, 153 ± 8 cm, 45.2 ± 9.0 kg) participated in 4 d of sports camp. Hydration status was assessed before the first practice (AM) and after the second practice (PM). Participants completed surveys assessing hydration knowledge (HAQ) and hydration habits on day 3 and a selfassessment (EQ#1). Results: Mean AM urine specific gravity (USG) and urine osmolality (U osm ) scores ranged from minimal to significant dehydration across 4 d, even when temperatures were mild. Correlations between hydration indices and EQ#1, ranging from 0.11 to −0.51, were statistically significant (P < .05), indicating that subjects recognized when they were doing a good or bad job hydrating. HAQ did not correlate strongly with hydration indices suggesting other impediments to hydration. Thirst correlated negatively with EQ#1 (from −0.29 to −0.60). Conclusion: Hydration at summer sports camp is a concern and special efforts need to be made to help youths develop hydration strategies.
when water or sports drinks are available, inadequate fluid intake during exercise in the heat can be a problem in both children and adults. [4] [5] [6] Few studies have been conducted on the hydration practices of children exercising in the heat. Much of the research to date has been performed in controlled environments. 4, 5, 7 Only three full publications that we are aware of have presented research related to hydration in youths exercising in free-living situations. [8] [9] [10] [11] These studies demonstrated that heat acclimatized or trained youths voluntarily dehydrate (1.2% to 2.1% body weight) while drinking only water ad libitum during competition or during conditions of high thermal stress. In contrast, the addition of flavor, carbohydrate, and sodium chloride to the beverage increases fluid intake for youths under these conditions. 5 Walker et al (2004) investigated the hydration status of youths exercising in the heat at summer soccer camps. 11 Hydration status, via measurement of BW lost and urine specific gravity (USG), was measured each morning and evening over the course of the 4-day camps. Greater than 75% of these youths were at least minimally dehydrated (indicated by USG) each morning before beginning practice.
Only a few studies have assessed athletes' knowledge regarding hydration and fluid replacement. [12] [13] [14] An estimation of hydration status was not determined in these or any available published studies that assess hydration knowledge. The effects of additional factors on children's ability to maintain adequate hydration during sports, including knowledge of and attitudes toward hydration and possible impediments to hydrating, have not yet been investigated. The purpose of this study was to measure the hydration status of youths at summer sports camp, characterize their knowledge regarding hydration, collect a self-assessment of their hydration practices, and examine the association of these three factors in the given population.
Methods
Following approval from the University of Connecticut Institutional Review Board, 67 active youths (57 male, 10 female) were recruited from three summer sports camps to participate in the study: 1) Connecticut football, 2) Pennsylvania football, and 3) Connecticut soccer. All camps were overnight, except the Pennsylvania football camp. Subject characteristics are shown in Table 1 .
Protocol
Subjects participated in 4 days of summer camp for either soccer or football. Each camp consisted of two (football children) or three (football adolescents, soccer boys, and soccer girls) practice sessions per day (except day 1, when only one practice was held in the afternoon), with each practice ranging from 90 to 120 min. The approximate activity structure for all camps is described as follows. The first session (9:00 to 11:00 AM) emphasized conditioning, the second session (2:00 to 4:00 PM) emphasized skill work, and the third session (6:00 to 8:00 PM) generally consisted of games and scrimmages. A typical day 1 consisted of campers checking in and moving in between 1:00 and 2:00 PM (a process usually taking over 1 hour), baseline data collection, an afternoon practice, dinner in the dining hall, and free time in the evening before sleeping at the dorm. The children's football camp differed in that it was not an overnight camp. Campers checked in, went to an afternoon session and home for dinner. For the rest of the week at this camp, measurements were taken when subjects arrived at camp each day and before they left for home. The research team observed practices at each camp to estimate exercise intensity.
Wet bulb globe temperature (WBGT) and dry bulb (DB) temperature were measured on the field (RSS-214 WiBGet. IST, Horseheads, NY). The research team monitored participants during the camp and did not encourage drinking or educate participants regarding hydration. All practice sessions had water available on the practice field, in the form of coolers with cups on the sidelines or water fountains near the field, and frequent rest breaks for rehydration (approx. every 30 min at child football, boys soccer and girls soccer camps and approx. every 45 min at adolescent football camp). Many campers also brought their own bottles for fluids. Coaches allowed athletes to drink during breaks or any time during practice. On day 3, participants completed a Hydration Awareness Questionnaire (HAQ) and Hydration Habits Questionnaire (HHQ). On day 4, they completed Exit Questionnaire (EQ), including a question asking subjects to assess how good a job they did staying hydrated during the camp (EQ#1).
Measurements
Baseline data were collected from each subject on day 1 during camp registration (before dinner and the first training session). On days 2 through 4, data were collected from each subject before breakfast (AM) and before dinner (PM). A urine sample was collected and USG, osmolality (U osm ), and color were assessed. USG was measured by refractometry (Model A300CL, Spartan Refractometers, Japan). U osm was measured, in duplicate, via freezing point depression (Model 3DII, Advanced Instruments, Inc., Needham Heights, MA). The following ranges for USG and U osm were selected based on their use by Opplinger 24 and support in previous studies [15] [16] [17] : Ranges for euhydration were below 1.020 and below 700 for USG and U osm , respectively; ranges for minimal dehydration were 1.020 to 1.024 and 700 to 899 mOsm/kg; ranges for significant dehydration were 1.025 to 1.029 and 900 to 1199 mOsm/kg; ranges for serious dehydration were 1.030 or greater and 1200 mOsm/kg or greater. Urine color was assessed via the urine color chart developed by Armstrong et al. 18 BW was taken via a digital scale (Model BWB-800A, Tanita Corp, Tokyo, Japan). Subjects removed all equipment/clothing except tee shirt and shorts for BW measurement. Thirst sensation was recorded using a 9-point thirst scale ranging from 1 (not thirsty) to 9 (very thirsty). 19 Thermal sensation was recorded using a 17-point scale with 0.5 increments ranging from 0.0 (unbearably cold) to 8.0 (unbearably hot). 20 Subjects were asked to report thirst and thermal sensation based on "how you feel right now." The rating of perceived exertion (RPE) ranged from 6 (very, very light) to 19 (very, very hard). 21 Subjects were asked to report RPE based on "how hard you were working at the end of the last practice" at the PM measure and based on "how hard are you are working right now," at the AM measure. In addition, subjects were asked to fill out a modified environmental symptoms questionnaire (ESQ). The ESQ is a 56-question survey designed to assess, on a scale from 0 (not at all) to 5 (extremely), whether symptoms exist that might be environment related. 22, 23 The modified ESQ is a 10-question survey, phrased to be easily understood by children.
Questionnaire Description
The goal of the HAQ was to assess the knowledge of the concepts of hydration and acclimatization and the importance of these concepts to safe exercise in the heat. The questions were answered on a scale ranging from 0 (strongly disagree) to 10 (strongly agree). Each question was assigned a value of 10 possible points and the questionnaire was scored out of a possible 150 points. HAQ questions are listed in Table 4 .
The purpose of the HHQ was to assess the subjects' own hydration habits during games and practices, relative to these concepts. The 7-question survey assessed the frequency of fluid intake, type of drinks consumed, source of fluids, and potential obstacles to drinking. The questions were answered on a scale ranging from 0 (never) to 10 (always) or chosen from multiple choices. Several questions asked for explanation of the answer selected.
The Exit Questionnaire (EQ) was completed on the final day of the study to assess subjects' habits during the camp. This questionnaire asked the subject to assess his or her own hydration habits during the camp and the ability of the camp to provide adequate fluids, time and encouragement for hydration. Questions 1 through 4 were answered on a scale ranging from 0 (very bad) to 10 (great job).
Questionnaire Development
The questionnaires were developed by the research team, with the goal of assessing knowledge of key hydration concepts. The questionnaires were assessed for content validity by graduate students of kinesiology, in addition to professors of kinesiology, nutrition, allied health, and educational psychology at the University of Connecticut, including three certified athletic trainers and two registered dietitians.
Before the study, the questionnaires were pilot tested on a travel team of female soccer players (n = 14, ages 10 to 12). The girls were encouraged to ask for clarification of any questions they did not understand. Several questions were reworded based on the feedback.
Following data collection, reliability analysis performed on the HAQ using Statistical Package for Social Sciences (SPSS) 11.0 for Windows (SPSS Inc., Chicago, IL), Scores on the HAQ exhibited a Cronbach's alpha reliability estimate of 0.70. An exploratory factor analysis was conducted using a varimax rotation. The results indicated that items were grouped into four subscales, based on a criterion of loading values of absolute 0.40 or greater. The amount of variance accounted for with the four-factor solution was 59.7%.
Statistical Analysis
Means and standard deviations of data were calculated using Microsoft Excel 9.0. All other statistics were run using SPSS. A 2  4 analysis of variance (ANOVA) was performed to evaluate the effects of time (AM or PM) and day (Baseline, Day 2, Day 3, and Day 4) on USG, U osm, urine color, body weight, thirst, ESQ, RPE, thermal sensation. Post hoc analysis was performed with follow-up t tests on significant effects. Simple Pearson correlations were measured to evaluate relationships between hydration knowledge (HAQ), self-perception of hydration practices during camp (EQ#1), and hydration indices (4-day mean USG and U osm ). A oneway ANOVA was also used to determine differences between groups for HAQ, EQ#1, USG, and each HAQ question. When significance was found, a Tukey's post hoc analysis was performed.
ANOVA and post hoc tests were conducted with a significance level of P < .05. Correlations were considered weak at r = 0.10 to 0.29, moderate at r = 0.30 to 0.49 and strong at r = 0.50 to 1.00, according to Cohen's guidelines for interpreting correlation coefficients in psychological research. 24 
Results

Hydration Status
The incidence and extent of dehydration by USG at summer soccer and football camps are shown in Figure 1 . Means and standard deviations of all field variables for all four groups across 4 days, are provided in Table 2 . Mean ± SD WBGT and DB (°C), respectively, for each camp was 28.6 ± 1.8, 31.4 ± 2.0 (children football), 23.1 ± 3.2, 26.6 ± 2.7 (adolescent football), 24.1 ± 3.7, 21.1 ± 2.6 (boys and girls soccer).
The following analyses involve all subjects, combined across all camps. There were no significant differences between groups or days for ESQ (Mean ± SD, 5.2 ± 4.3), RPE (11.6 ± 3.0), and thermal sensation (4.5 ± 1.3). There were no statistically significant differences between AM and PM for USG, U osm values, or BW. Significant main effects across the 4 days were observed in both USG (P < .001) and U osm (P = .001) values. Follow-up t tests indicated differences in both USG and U osm from baseline to Day 2 AM (P < .001), as shown in Figure 2 . USG and U osm correlate strongly at r = 0.945.
The average subject entered camp already at least minimally dehydrated, according to baseline USG (1.022 ± 0.007) and U osm (880 ± 261) values. At baseline, 72% of football children, 63% of football adolescents, 80% of soccer boys, 56% of soccer girls, and 74% of all subjects were at least minimally dehydrated [15] [16] [17] There were no significant differences between days or groups. 
Note:
Values are mean ± standard deviation across four days. No significant difference between groups or days (P < .05). [15] [16] [17] The severity of dehydration is indicated by an increasing darkness of shading. *Day 2 AM is significantly different from baseline for both USG and U osm (P < .001).
with USG ≥ 1.020. On average across the 4 days of camp, 56% of football adolescents and 53% of soccer boys experienced significant to severe dehydration (USG values ≥ 1.025), compared with 38% of soccer girls and 39% of football children.
Knowledge, Habits, and Self-Assessment Regarding Hydration
Correlations between hydration knowledge, hydration indices (USG and U osm ) and hydration self-assessment are reported in Table 3 .
Hydration Awareness Questionnaire. Scores for HAQ are shown in Table 4 . Significant differences occurred between soccer boys and football adolescents on Question #3 (P = .048) and between football adolescents and football children on Question #4 (P = .037).
Hydration Habits Questionnaire. Out of 57 respondents to the HHQ, 46 (80.7%) said they drink water during sports or exercise and 52 (91.2%) said they drink sports drinks during sports or exercise. When asked, "How frequently do you drink in a normal game or practice?" 45 (78.9%) reported they drink at least every 30 minutes and 10 (17.5%) reported that they are only able to drink when breaks are provided. Independent of group, subjects answered 5.9 ± 3.0, out of 10 (mean ± SD) to the question, "Do you wish you could drink more fluids during exercise?" and 3.2 ± 3.1, out of 10 to the question "Do you restrict your fluid intake when a bathroom to pee is not close by?" Scale anchors were 1 = never, 10 = always. No significant differences were measured between groups for any HHQ question (P < .05).
Exit Questionnaire. On EQ question #1 (EQ#1), "Do you think you did a good job keeping yourself hydrated during the camp?" 35 out of the 61 (57.4%) respondents answered that they thought they did a "great job." Seventeen (27.9%) thought Table 3 
Note:
Scores are mean ± standard deviation. Scale anchors: 1 = never, 10 = always. *Indicates a significant difference between groups (P < .05). ^Indicates a lie-scale question.
Table 4 (continued)
they did a "good job," eight (13.1%) thought they did an "ok job," and one (1.6%) thought he or she did a "poor job." Out of 62 respondents, 28 (45.2%) answered "yes" to the EQ question "Was there anything that prevented you from hydrating during camp?" The most frequent responses to this question included not enough time for drinking (n = 8), drinking only allowed during breaks (n = 5), not feeling thirsty (n = 5), not wanting to miss out on playing, coaching or getting noticed (n = 3), forgetting a water bottle (n = 3), and forgetting to drink (n = 2). Other responses included feeling fatigued, feeling physically unable to drink enough, water tasting like chlorine, and being too lazy to drink (n = 1 for each). Exit questions are reported in Table 5 .
Discussion
The purpose of this study was to investigate the incidence and extent of dehydration, as well as hydration knowledge, in children and adolescents participating in 4 days of summer sports camp. This study design is unique given that it simultaneously considers these two factors in this population during an observational field study.
The high incidence of dehydration during camp, indicated by percent of subjects in dehydrated U osm and USG ranges (Figure 1) , is in accordance with incidence rates measured in 2004 by Walker et al, who found that on average, greater than 75% of youths were at least minimally dehydrated at baseline upon entering summer soccer camps. 11 Walker's baseline hydration assessment protocol was identical to that of the current study. USG and U osm are less sensitive to acute hypertonic dehydration (over the course of several hours) when compared with plasma osmolality. 16, 17 It should be noted that ingestion of fluid bolus before testing may lower these measures, which may have occurred in the current study. However, USG and U osm have been shown to be good indicators of dehydration over time. 15, 18, 25 We acknowledge that urinary indices of hydration status may have some limitations in certain situations, but when working with children in a field environment, they are convenient and useful.
Although incidence of dehydration was high during all camps throughout the current study, extent of dehydration varied. The extent of dehydration in this study is similar to data from a previous observational field study. In 2006, Stover et al assessed hydration status (via USG and pre-and posttraining BW) in 13 highschool football players during their preseason two-a-day training. 25 Stover found that pretraining body weight was consistently lower compared with baseline measurement. Pretraining USG values remained consistently high each day, ranging from 1.022 to 1.024, compared with the pretraining range of 1.019 to 1.027 in the current study. Previous investigations have demonstrated voluntary dehydration of up to 2% of relative body mass per hour in heat acclimatized 10 or trained youths, 7, 8 during exercise 7 or exercise in the heat, [8] [9] [10] despite ad libitum water or fluid intake.
We expected the young athletes who understood the importance of hydration to better prevent dehydration during sports camp; however, this expectation was not supported. In this investigation, subjects seemed to have a good general knowledge of hydration concepts, as indicated by the HAQ. However, knowledge regarding hydration generally did not correlate with hydration indices. Despite lack of adequate hydration, this group of young athletes was generally able to accurately self-assess their hydration status, as shown by the weak to strong negative correlations between hydration indices and EQ#1. In addition, negative correlations between thirst and self-assessment indicate that thirst may have played a role in shaping perceptions of hydration status in these athletes. Hydration survey work with college athletes has shown a disparity between hydration knowledge and hydration behavior, suggesting that this phenomenon is not unique to youths. 12, 13 Unlike the current study, these investigations did not measure actual hydration status. No published studies that we know of have investigated hydration knowledge in the youth population.
One goal of administering the EQ was to discern impediments to optimal hydration practices in youths. When asked "Was there anything that prevented you from hydrating during the camp?" the impediments most frequently cited by the subjects were 1) "Not enough time to drink" (35% of the respondents) and 2) "Forgetting to drink" (17% of respondents). Not wanting to miss out on playing, coaching, or getting noticed by coaches was a response listed more frequently by older subjects, especially at the adolescent football camp.
When asked, "Was there anything that prevented you from hydrating during the camp?" adolescent subjects (aged 13 to 17 years) responded with "Group meeting during breaks," "Too tired to walk to fluids," "Remembering," "Time during breaks," "Few breaks," "Had to ask for breaks." These responses suggest that adolescent athletes perceive the structure of the camp, including the number of breaks, length of each break, and accessibility or proximity of the provided fluids, to be barriers to hydration.
Younger football campers may have done a better job preventing dehydration by working at lower intensities compared with older football campers. Intensity levels were evident by both observing their practices and survey responses. Camp activities were the least intense on the last day (day 4), when the lowest hydration indices were noted. When asked, "Was there anything preventing you from hydrating during the camp?" the young campers (aged 7 to 12 years) responded with "Wanted to play instead of drink," "Counselors wouldn't let me stop between breaks," "Delayed breaks," "I just forgot to drink," "No way to fill bottle," "Didn't have a bottle during practice." These answers suggest that the young campers may have been more focused on having fun and were sometimes forgetful when it came to drinking. In addition, these responses suggest that the structure of the camp, including the actions of the counselors, are perceived barriers to hydration in child athletes, despite the physical presence of fluids for drinking.
In all camps, the extent of dehydration peaked on the morning of day 2, when the effects of a new routine were most severe. The new routine may not have been as much of a factor for subjects at the children's soccer camp. These subjects ate breakfast and dinner at home, which may have been a better environment for fluid and food intake and likely aided the rehydration process, and they did not participate in competitions after dinner, which may have inhibited the subjects at the other two camps from adequately rehydrating. In addition, the new social situation and disruption of typical living patterns, such as eating, sleeping, and leisure time in a dormitory, may have impeded hydration in the subjects at other camps. At both football camps, the day of check-in was fairly warm compared with other 
Practical Applications
Several limitations exist in the current study, including variations between camps in the following factors: environmental conditions, type and intensity of sports activities performed, and camp structure (including varying actions of coaches and counselors). As previously mentioned, the children's football camp was a commuter camp, whereas the other camps were overnight. In addition, variations between individual subjects, including degree of fitness, heat acclimatization, sexual maturation, and their perceptions of barriers to hydration, exist in this study.
Identifying the barriers to drinking and developing and incorporating strategies for overcoming these impediments are the next steps to ensure adequate fluid consumption at camps, games, and practices. Previous studies have measured sweat rates in youths 7, 25, 26 (ranging from 500 mL/h 7 to greater than 2 L/h 26 ) and incorporated drinking strategies to overcome these fluid losses. 25 In 2006, Stover et al investigated the effects of a drinking strategy intervention in high school football players during two-a-day practices. 25 These investigators found that a simple strategy of providing athletes with two 591-mL bottles of water or sports drink, one to consume between dinner and bedtime and one to consume after waking, significantly improved hydration status as indicated by USG. The results from these studies suggest youths at summer sports camps may benefit from an intervention to teach and facilitate hydration strategies.
Future studies should incorporate 1) measurement of fluid consumption and sweat rate and 2) educational interventions with young athletes, to develop and implement hydration strategies. Surveying the subjects throughout the camp would provide a more accurate assessment of whether they are aware of their hydration status.
Conclusions
We observed that youths were chronically dehydrated upon entering and throughout these summer sports camps. These youths were generally aware of their hydration practices and could identify impediments to hydration. However, they demonstrated a failure to translate hydration knowledge into successful hydration strategies. It is clear that hydration knowledge alone is not enough, and therefore continued efforts must be made by coaches, camp staff, and the athletes to develop and implement more effective hydration strategies.
